Abstract. The use of Erica manipuliflora, a decorative native ornamental species, is limited in landscaping due to insufficient plantlet production in nurseries. The aim of study was to determine the most effective and practical adventitious rooting (AR) protocol for successful vegetative production of E. manipuliflora. Two experiments (Expt.) were established in November and June to reveal the effects of different substances [perlit and perlit:sphagnum peat (1:1 v/v) in Expt.I and peat, peat:sand (1:1), cocopeat:sand (5:1) and perlite in Expt.II] and exogenous auxins including liquid (in Expt.I) and powdered (in Expt.II) formulations of IBA, NAA or combination of both. The results indicated E. manipuliflora cuttings taken in June and cultured in cocopeat:sand (5:1) mixture without any auxin treatment presented the highest survival (84%) and rooting (76%) performance. In addition, exogenous auxin usage is not essential for AR of E. manipuliflora cuttings. It can be used for the cuttings inserted in cocopeat-free media. But it exhibited reducing effect on rooting in cocopeat-based medium. The use of mycorrhizal inoculation and also minicuttings in eco friendly cocopeat-based media in future studies might increase the efficiency of E. manipuliflora AR protocol.
Introduction
High adoption of xeriscape approach laid out the increasing use of native plants. Today, utilization of them has been accepted as an emerging niche market (Hamill, 2005) . According to Norcini (2006) , the ratio of native plant sales of Florida in 2005 was 11% of all ornamental plant production. The use of native plants is an upward trend in southeastern United States since the 1990s (Waterstrat, 1997; Brzuszek and Harkess, 2009 ). Thanks to the other factors like growing environment consciousness, changing consumer trends and the global climate changes, this trend has progressed in other parts of the world, too. Also superior functional characteristics like resistance/tolerance to drought, saline and poor soil conditions can be mentioned as main causes in this trend.
In our previous inquiry study (Arı et al., 2010), we determined the perspective and tendency of the representatives of landscape sector for the use of natural plants in Antalya, Turkey. Erica manipuliflora Salisb. (Ericaceae), whorled heath, was identified as one of the most desired three native species for large quantity production and sale in the market by both growth regulator (PGR) type and concentrations, rooting substrates and environmental conditions. Among them, substrate is one of the most important factors. A good substrate should ensure the correct degree of moisture for cutting base while allowing aeration, besides holding the cutting in place (Hartmann et al., 2010; Fornes et al., 2013) . Sphagnum peat moss, vermiculite, perlite, sand, clay, coconut peat, and composting of forest waste, and manure, etc, are among the wide variety of inorganic and organic materials for composing different types of growing media used in nursery cultures (Vallejo et al., 2012) .
On the other side, exogenous auxins also have a big role in determination of AR capacity (Kotis et al. 2009; Ling et al. 2013 ). The most common used exogenous auxin is indole-3-butyric acid (IBA) because of its higher root inducing capability. α-naphthalene acetic acid (NAA) is another preferred exogenous auxin. Beside the usage of exogenous auxin alone, combinations of two auxins or auxin and cytokinin have also been used. IBA and NAA are widely preferred for auxin combination owing to their consistency in stimulating AR of cuttings (Hartmann et al., 2010) .
Most of the nursery growers use commercial powdered rooting hormones since they are more practical and accessible compared to the experimental pure PGRs used generally in liquid formulations. Thus, it might be more useful to suggest to growers the more accessible production materials.
The main purpose of this study was to establish the most effective and practical AR protocol for successful vegetative production of native E. manipuliflora. For this purpose, it was focused on determination of the effects of different rooting substances and exogenous auxins including liquid and powdered formulations on rooting abilities and growth of E. manipuliflora cuttings.
Materials and Methods

Plant Material
The study was performed in Bati Akdeniz Agricultural Research Institute (BATEM) in Aksu (lat. 36°56′N, long. 30°53′E), Antalya, Turkey, in [2008] [2009] . Donor E. manipuliflora plants were located in Kumkoy, Aksu, under Mediterranean environment with dry, hot summers and mild, wet winters. The climatic parameters of the months when the cuttings were sampled for two experiments were presented in 
Rooting Experiments
Two experiments (Expt.) were established to determine the effects of different rooting substrates and exogenous auxin types and concentrations on AR of E. manipuliflora cuttings. Both experiments were set up in completely randomized design in varying numbers of factorial arrangements. The long semi hardwood shoot cuttings were gathered from a well branched, vigorous E. manipuliflora population which consisted from a few uniform shrubs adjacent side by side due to the requirement of high number of cuttings for the experiments. The long cuttings carrying little fresh shoots with light green needle-like leaves were moved to glasshouse within one hour, then immediately shortened to small pieces with sharp pruning shears. The cuttings were 0.5-1 cm in diameter and 10-15 cm length and had at least 5-6 leaf nodes. They were inserted in ≈ 4-5 cm depth into the rooting benches with 20 cm height containing different substrates. The benches were bottom heated at 21°C in Expt. I. The irrigation of cuttings was supplied with an intermittent misting system controlled by a timer. Cycles of mist were arranged based to changing climatic conditions of glasshouse and cuttings' requirement. No fertilizer was treated to cuttings.
Expt. I
Expt. I. was set up on 10 November to determine substantially the effects of different auxin concentrations in liquid formulations in either alone or combinations on rooting of E.manipuliflora cuttings in two substrates. The experiment was in a 2 x 10 (substrate x hormone) factorial arrangement with 3 replications, 30 cuttings in each, a total of 1.800 cuttings. The basal ends of the cuttings were quick dipped for 10 s into the different auxin solutions of IBA and NAA (Merck, Darmstadt, Germany) alone and the combinations of IBA and NAA. IBA was dissolved in 96% ethanol (Merck), and then diluted to different concentrations while NAA in 0.1 N NaOH. The tested hormone concentrations were; 1) control, 2) 1000 mg l IBA + NAA. The control cuttings were immersed in distilled water. After air dried ≈ 10 min, the treated cuttings were stuck in perlit (Etiper, Izmir, Turkey) or the mixture (1:1 v/v) of perlit and sphagnum peat (Klasmann-Deilmann GmbH, Geeste, Germany), which was denominated as peat hereafter, in the heated rooting benches. Peat was not used alone due to its inefficiency which was experienced in our previous works with different auxin solutions. All the cuttings were pulled out on 26 May to make observation. The survived and rooted cuttings were counted, and then other important parameters representing root and shoot growth of the cuttings were recorded. These parameters included root length (cm), shoot number (n) and the density of shoot and root. "Density" means the degree of shoot and root developments. This parameter was scored based on a 1-5 visual rating scale, where 1 = very poor, 2 = poor, 3 = medium, 4 = good, 5 = very good.
Besides these treatments, a small-scale treatment was set up in the same day in order to see the effect of a commercial powdered rooting hormone (Mass Plant, Adana, Turkey) containing 0.5% IBA + 0.5% NAA. This treatment had 4 replications, in each of which 30 cuttings were placed into perlite media. http 
Expt. II
This experiment was set up on 09 June based largely on the results of Expt.I to determine the effects of different substrates and commercial powdered auxins (CPA) on rooting of E. manipuliflora cuttings. The experiment was performed in a 4 x 3 (substrate x hormone) factorial design with 5 replications, 10 cuttings in each (a total of 600 cuttings). All of the fresh semi hardwood cuttings were firstly immersed in distilled water. After air dried ≈ 10 min, cuttings excluding the control ones were treated with one of two CPA. The first CPA (I.CPA) contained 0.5% IBA (Rhizopon AA, Hazerswoude-Rijndijk, Netherlands) and the second CPA (II.CPA) had 0.5% IBA + 0.52% NAA content (Mass Plant, mentioned above). Treated cuttings were inserted into 4 substrates; 1) peat, mentioned above, 2) mixture of peat and sand (1-3 mm coarse river sand) (1:1 v/v), 3) mixture of cocopeat (Dutch Plantin, Boekel, Nederland) and sand (5:1 v/v) and 4) perlite media. The cuttings were harvested on 10 August to record the rooting results. Only survival and rooting performances were evaluated in Expt. II.
Statistical analysis
The data of both experiments were first subjected to Levene's test to detect the variance homogeneity. Two-way and also one-way, if required, variance analysis (ANOVA) were implemented for homogeneous variances by General Linear Model procedures to test treatment differences. The means were separated by Tukey's multiple range test using SPSS software (IBM Corp., Armonk, NY, USA) at an alpha 0.05 level. For non-homogeneous survival and rooting percentages of the cuttings, the ratios were transformed using arcsine of the square root to increase homogeneity before analysis. The presented means were based on nontransformed data.
Results
Expt. I
The two-way ANOVA of Expt. I indicated very significant difference (p < 0.001) within two substrates (perlite and perlite:peat) for all observation parameters except root length, which was significant at p < 0.05 ( Table 2 ). The cuttings in perlite media presented superior performance than those of in perlite:peat media (1:1 v/v) for survival (56.44% versus 36.44%) and rooting (56.44% versus 36.11%) ratios, root length (9.87 cm versus 8.90 cm), shoot number (12.25 versus 3.71) and densities for shoot (3.63 versus 2.78) and root (3.66 versus 2.92). Meantime, survival and rooting ratios of the cuttings were determined to be almost the same.
Auxin treatments exhibited very significant difference (p ≤ 0.001) for only survival and rooting ratios of cuttings, while they showed insignificance for other observation parameters ( Table 2) . Of the auxin treatments, the treatment of 4000 mg l ˗1 IBA significantly generated the highest average survival and rooting ratio (67.8%) regardless of substrate, which followed by the treatment of 2000 + 1000 mg l ˗1 IBA + NAA (60.6%). IBA + NAA treatments displayed higher performance than alone IBA or NAA treatments for the other cutting growth parameters. The highest shoot number (10.4) and both shoot (3. 2 Values are mean (M) and standard error (SE). Two-way ANOVA was used for the comparison of the means and they were separated by using Tukey's multiple range test. Means within a column followed by the same letter are not significantly different at p ≤ 0.05. NS: Nonsignificant; *, ***: Significant at p ≤ 0.05 and p ≤ 0.001, respectively.
When IBA and NAA treatments were dealt with separately, IBA alone treatments were found more stimulant than NAA alone treatments to produce higher survival, rooting and other observation parameters except from root length and shoot density. The average values of IBA versus NAA treatments were 50.74% / 44.82% for both survival and rooting ratio, 9 cm / 9.36 cm for root length, 7.40 / 7.21 for shoot number, 3.08 / 3.09 for shoot density and 3.25 / 3.14 for root density, irrespective of the substrate factor. Meanwhile, the average shoot number (7.91) and shoot density (3.14) of the control treatments were superior to those of both IBA and NAA alone treatments. In addition, the rooting ratio (45%) and root density (3.25) of the controls were higher than NAA treatments, while the root length (9.32) was higher than IBA treatments.
The most important observation parameter in this study is AR ratio of the cuttings. Even though the interaction between substrates and auxin concentrations was found nonsignificant for this parameter, the separate one-way variance analysis was performed to show the difference between auxin treatments in each substrate. The analysis results were presented in Fig. 1 .
The highest rooting ratio (71.11%) was determined in the cuttings treated with 4000 mg l ˗1 IBA in perlite:peat (1:1 v/v) at p < 0.05 (Fig. 1) . The same ratio was also observed in the treatment of 2000 + 1000 mg l ˗1 IBA + NAA in perlite. However, it is not possible to mention statistically about a given favorable influence of exogenous auxin treatments on AR in perlite media (p = 0.89) since the control treatment (58.8%) without auxin exhibited higher rooting performance than 4 different auxin treatments in perlite medium. In addition, performance of control treatment (35.6%) Meanwhile, rooting ratio of the small-scale rooting treatment in which a commercial powdered auxin (Mass Plant) consisting from 0.5% IBA + 0.5% NAA ingredient was tested in perlite medium was determined as 35.8% . Since the experimental conditions of this rreatment were different, its result was not analyzed statistically together with those of the treatments of Experiment I. Its average rooting ratio (35.8%) was also higher than that of seven liquid auxin treatments in perlite:peat (1:1) medium.
As for the results of other observation parameters in each substrates, they were presented here only in the text, not in a Table or Figure: The longest average root lengths were obtained from the cuttings treated with 2000 + 1000 mg l ˗1 IBA + NAA both in perlite and perlite:peat media (11.41 cm and 10.25 cm, respectively). The same auxin combination in perlite:peat media formed the highest average shoot numbers (5.85). However, the treatment of 4000 + 2000 mg l ˗1 IBA + NAA in perlite media produced superior performance (15.41) for the same parameter. Regarding the densities over 5 according to a 1-5 visual rating scale, the highest shoot and root intensity (3.53 and 3.30, respectively) in perlite:peat media were detected in the treatment of 1000 + 500 mg l ˗1 IBA + NAA combination. Whereas, the most vigorous shoot and root development of the experiment occurred in perlite. The best root density (4.07) was achieved from the treatment of 4000 + 2000 mg l ˗1 IBA + NAA in the same substrate. Interestingly, the most shoot density (4.12) was determined in the control treatment without auxin again in the same medium.
Taken into consideration of all the results of Expt.I, growing substrates appear more effective than liquid auxin treatments on survival and rooting ratios and the other growing parameters of E. manipuliflora cuttings, as presented in Table 2 .
Expt. II
According to two-way ANOVA results of Expt. II, the difference among four substrates was found very significant (p < 0.001) for both survival and rooting percentage ( Table 3) . Significance Substrate (S) p = 0.000 *** p = 0.000 *** CPA p = 0.003 ** p = 0.005 ** S x CPA p = 0.001 *** p = 0.001 *** 1 Values are mean (M) and standard error (SE). Two-way ANOVA was used for the comparison of the means and they were separated by using Tukey's multiple range test. Means within a column followed by the same letter are not significantly different at P ≤ 0.05. **, ***: Significant at p ≤ 0.01 and p ≤ 0.001, respectively.
Of the four substrates, cocopeat:sand (5:1 v/v) was the best to exhibit the highest survival (54.7%) and rooting (48.3%) performance, followed by perlite (30% and 18%), irrespective of CPA ( Table 3) . The peat based substrates, peat:sand (1:1 v/v) and peat alone, resulted in the lowest survival (11.3% and 22.7%, respectively) and rooting ratios (1.3% and 5.3%, respectively).
The difference among the CPAs was significant at p < 0.01 for survival and rooting percentage ( Table 3) . However, this difference derived from control treatment without auxin. It was superior in terms of survival (36.5%) and rooting (25.5%) percentages compared to both I.CPA with IBA content, and II.CPA containing IBA+NAA combination. Meantime, I.CPA was better than II.CPA for survival (32.5% versus 20%) and rooting (16% versus 9.5%) ratios.
Due to the significant (p ≤ 0.001) interaction between substrate and CPA, separate one-way variance analysis was performed to show the difference between CPAs in each substrate for AR performance of cuttings, the results of which were presented in Fig. 2 .
Overall, the control treatment in cocopeat:sand (5:1 v/v) was significantly (p < 0.01) the most responsive application for AR formation (76%), while there was no difference between two CPAs in the same substrate (30% and 24%) (Fig. 2) . Also, no difference could be found between the CPAs including control treatment in other growing substrates. On the other hand, the survival ratio of control cuttings in cocopeat:sand medium was 84%, while 44% and 36%, respectively, in the cuttings treated with I. and II.CPA, in the same substrate. As an additional observation, the root structures generated in cocopeat:sand mixture was much more powerful and intensive than that of other substrates. Therefore, these results revealed the superiority of the mixture of cocopeat:sand (5:1) medium in producing vigorous roots from E. manipuliflora cuttings. Furthermore, there is no need to use CPA for successful vegetative production of this native species in cocopeat:sand medium. http 
Figure 2. Effects of different commercial powdered auxins (CPAs) on adventitious rooting of Erica manipuliflora cuttings in different substrates in Expt. II (Values are mean (M) and ± standard error (SE) bars. Comparison of the means in each substrate was estimated by separate one-way ANOVA, then TUKEY post hoc test. Means within each substrate followed by the same letter are not significantly different at p ≤ 0.05).
Discussion
Two experiments were performed to reveal the most effective AR protocol for successful vegetative production of native E. manipuliflora. Expt. I was set up on 10 November to investigate the effects of ten different liquid auxin formulations on rooting of the cuttings cultured in two rooting substrates, perlite and perlite:peat. Significant difference (p < 0.001) was determined among both substrates and the liquid auxin formulations for rooting percentage. However, the interaction between them was nonsignificant. In the substrate base, the highest rooting percentage (71.11%) was identified in the cuttings inserted in perlite:peat medium and treated with 4000 mg l ˗1 IBA (p < 0.05). On the other hand, the treatments of IBA + NAA combinations, presented higher performance than alone IBA or NAA treatments for root length, shoot number, shoot and root densities. According to Hartmann et al. (2010) , combination of IBA and NAA than either auxin alone produces more rooting and larger root systems in the cuttings of many species, which is compatible with our results.
If it is required to deal with IBA and NAA treatments separately, IBA alone treatments were found more successful than NAA alone treatments to generate higher survival, rooting and other observation parameters except from root length and shoot density. The superiority of IBA compared to NAA for AR of the cuttings has also been revealed in other plant species such as Paeonia 'Yang Fei Chu Yu' (Guo et al., 2009) and Macleania rupestris (Veloza et al., 2014) because of its several advantages such as greater stability to light than others (Kurepin et al., 2011; Pacurar et al., 2014) , localized action, persistence and low toxicity (Fachinello et al., 1995 Expt. II was designed on 09 June to explore the effects of three CPAs including control and four substrates (perlite, peat, peat: sand, cocopeat:sand) on rooting of E. manipuliflora cuttings. The interaction between substrate and CPA was found very significant (p < 0.001) for survival and AR formation. Also, very significant differences were detected among the substrates (p < 0.001) and CPAs (p < 0.01) for both parameters. However, the difference among CPAs derived from the control treatment without auxin. In the separate one-way variance analysis of rooting performance in each substrate, the difference among CPAs was determined significant for only cocopeatbased substrate (p < 0.01). The highest survival and also rooting ratio occurred in cocopeat-based medium. Control treatment of cocopeat-based substrate was the superior and showed 2.5 and 3-fold increase in rooting percentage than the I. and II.CPAs, respectively. The survival (84%) and rooting (76%) ratios of the control treatment in cocopeat:sand were the highest values among overall treatments of Expt. I and II.
Cocopeat known also as coconut coir dust is an agricultural by-product (Hume, 1949) (Hume, 1949) , it has attracted the attention particularly for the last 20 years (Lowry, 2015) . It has been accepted to be a good media component (Awang et al., 2009 ) and a peat substitute because of its several advantages such as perfect drainage, absence of weeds and pathogens, slower decomposition, acceptable pH, cation exchange capacity, electrical conductivity and easier wettability (Cresswell, 1992; Meerow, 1994) . On the other hand, cocopeat is known to have rather high water holding capacity resulting poor air-water relationship and causing to low aeration within the medium ( (Scagel, 2003) , and AR of the cuttings of Nerium oleander (Ochoa et al., 2003) , Calluna vulgaris and Rhododendron cultivars (Matysiak and Nowak, 2009 ). In most of these studies, cocopeat has been used as a media enhancer in low ratios, up to most 50%, in peat, perlite, vermiculite and sand mixtures, not alone or exceeding half of the medium. In current study, we complied the suggestion of seller company and used 5:1 (v/v) cocopeat:sand mixture. This ratio (80%) seems quite higher compared to other combinations in literature. For instance, Matysiak and Nowak (2009) tested six coir substrates having different ratio of coir up to 35%, sphagnum peat moss, perlite and sand for rooting of the cuttings of ornamental ericaceous plants, Calluna vulgaris and Rhododendron cultivars. The best rooting mixture for C. vulgaris were those containing at least 15% of coir, while 20% for Rhododendron. In addition, increasing amounts of coir above 20% resulted in decreased rooting ratios for ericaceous plants, especially for Rhododendron 'Roseum Elegans'. Arenas et al. (2002) also reported a reduced plant growth for tomato transplants grown in coir amended media exceeding 50%.
Seemingly, the rooting result obtained from the control treatment of cocopeat-based substrate in the present work is not in accordance with them, but revealed the most http://www.aloki.hu • Scagel (1999) . The literature is lacking for isolation and inoculation treatment of ericoid mycorrhizas in E. manipuliflora. However, we know how the predominant species of typical sclerophyllous Mediterranean vegetation (Macchia) are rich in mycorrhizal diversity from Maremmani et al. (2003)'s study. In their mycorrhizal screening in 82 species belonging to 46 plant families in two native Mediterranean Macchia sites from Italy and Greece, they determined 83% and 90% of the plant species, respectively, had mycorrhizas. One of the screened species was E. arborea L. and ericoid mycorrhizas were found only in this species. E. arborea mycorrhizas are not only limited to ericoid ones since plant roots can form multiple mycorrhizal interactions with various fungal partners from different taxa as reported by Bergero et al. (2000) . They identified about 150 fungal isolates from E. arborea roots. Additionally, Bergero et al. (2003) used E. arborea as a bait plant and found ericoid mycorrhizal fungi persist and sustain mycorrhizal ability in habitats lacking ericaceous host as in the case of Pernettya macrostigma (Brook, 1952) and Calluna vulgaris (Pearson and Read, 1973) . Therefore, E. manipuliflora as a close relative of E. arborea and a predominant sclerophyllous Macchia species is also most likely in mycorrhizal association in nature. Hereby, a mycorrhizal inoculation in culture stage may probably help its successful production as in other Ericaceous plants such as C. vulgaris (Gebhardt and Friedrich, 1987) , Vaccinium corymbosum (Scagel et al., 2005) , V. meridionale (Ávila Díaz-Granados et al., 2009), Leucothoe axillaris and Pieris japonica (Zinati et al., 2011) . However, as we did not make an inoculation intentionally, the successful survival and rooting results of the control treatment in cocopeat-based media might be explained with again Scagel (2003)'s above mentioned claim. Cocopeat imported from tropical regions and used in our study might presumably have contained some indigenous microbial and mychorrhizal entities even if in low populations, and such quantity is enough to initiate the required mycorrhizal inoculation with an ericaceous species (Ibrahim Ortas, Cukurova University, Adana, Turkey, personal communication). According to Zinati et al. (2011) , microbial entities containing natural ericoid roots and soil having a mix of rhizospheric and nonrhizospheric bacteria, mycorrhizal and saprotrophic fungi have potential to improve plant growth by enhancing nutrient uptake. Vosatka et al. (1999) also reported that colonization may reduce transplant mortality and increase crop uniformity and productivity in the soil-less media containing low populations of indigenous mycorrhizal fungi. Indeed, the highest survival (84%) and rooting (76%) http://www.aloki.hu • (Strack et al., 2003) and "native genotypes are more dependent on mycorrhizas compared to cultivated forms" (Clement and Habte, 1995) is considered accurate, mycorrhizal requirements of native plants should be taken into consideration during their culture. Thus, mycorrhizal inoculation seems required for also E. manipuliflora production, and it is recommended for future studies. In terms of cutting collection time, the cuttings sampled on 09 June (Expt. II) were better than the ones collected on 10 November (Expt. I) for AR formation and growth, which was possibly caused by the cuttings carrying fresher leaf shoots in Expt. II. However, the time span between taking cuttings from donor plant and inserting them to a substrate is another considerable issue for higher AR in E. manipuliflora. In our previous small-scale study (Ari et al., 2015) E. manipuliflora cuttings were taken from stock plants next to glasshouse on 19 June, inserted in ≈ 20 min in cocopeat:sand (5:1 v/v) mixture and revealed the highest AR (80%). Hence, moisture content of the cuttings should be taken into account and it is recommended to cut off and treat E. manipuliflora cuttings in the shortest time for minimum moisture loss especially in summer months.
In regard to useful auxin type, the auxin use in liquid formulations in Expt.I seems more successful than the powdered auxin use in Expt. II to form higher rooting ratio (up to 71% versus 30%). However, it is not possible to talk about an essential requirement for PGR use in either liquid or powdered formulation in present work because of the higher performances of control treatments without auxin. The Heather Society also does not recommend to use rooting hormones for hardy heathers (THS, 2015b) and evaluate E. manipuliflora among the hardy Ericas (THS, 2015a).
As a remarkable observation, the resulting AR in the cuttings took place from leaf nodes, not from bottom end of the cuttings in both Expt. I and II. This kind of root formation was also stated by The Heather Society for E. carnea initiating to form its roots always from a leaf nodule. However, the same Society stated different rooting style for E. cinerea, whose roots appear from the cutting base (THS, 2015b). According to Mahlstede and Watson (1952) , AR could be initiated directly from the vascular tissue like cambium and secondary phloem parenchyma in Ericales, as in the case of Vaccinium corymbosum (Veloza et al., 2014) . In appearance, rooting style is not the same for all Ericaceous species. We do not know the origin of root initials for AR formation in E. manipuliflora cuttings since we did not make a histological study. However, Zhang et al. (2009) examined the anatomical origin of Feijoa sellowiana, rooted in E. manipuliflora style, and reported that there were sequential and cyclical cells in the phloem and no root primordium in the Feijoa cuttings.
We observed another notable genesis that several mini individual detached shootings with a few leaf pieces broken from cuttings and fallen into growing media formed healthy, long adventitious roots. As reported by Ludwig-Muller et al. (2005) , adventitious roots are less predictable in their cellular origin than lateral roots. They might occur from the cambium or from calli in the case of detached stem cuttings. According to Hartmann et al. (2010) , leaves serve as the resource of endogenous auxins and carbohydrates, which implements a stimulating action on AR initiation in cuttings (Veloza et al., 2014) . Ericoid mycorrhizal fungi may also produce hormones or stimulate plant production of hormones inducing AR development and growth (Scagel et al., 2005 ). All these information might explain how mini individual E. manipuliflora shootings brought about AR without hormone requirement and why control cuttings in cocopeat-based medium rooted more successfully than the cuttings treated with auxins. Therefore, the use of 4-5 cm fresh leafy minicuttings consisting of a few leaf nodes with needle leaves is suggested for AR formation and consequently for vegetative production of E. manipuliflora for future studies as used in plant production of several ornamental plants lately. Also, it is proposed to culture minicuttings in the viols instead of benches containing cocopeat-based growing media, and may be inoculated with ericoid mycorrhizas, but without any PGR use.
In conclusion, E. manipuliflora cuttings taken in June and cultured in cocopeat:sand (5:1) mixture without any auxin usage revealed the highest survival (84%) and rooting (76%) ratios among the cuttings in overall treatments. This result indicated that exogenous auxin use is not essential for adventitious rooting of E. manipuliflora cuttings. It might be used as rooting enhancer in the studies including cocopeat-free substrates. But it has a reducing effect in cocopeat-based media. The superiority of cocopeat-based medium to generate the highest adventitious rooting originated most likely from the small amount of indigenous microbial and mychorrhizal entities carried with the cocopeat. Thus, mycorrhizal inoculation seems required for E. manipuliflora production. For future studies, using of mycorrhizal inoculation or minicuttings in eco friendly cocopeat-based media has the potential to increase the present AR ratio.
